Abstract : Stroke is both a leading cause of death and a major cause of severe neurologic dis ability in Korea. According to the records of the National Health Insurance Corporation and the Korea National Statistical Office, 64.7% of stroke cases were due to cerebral infarction , and 35.3% to cerebral hemorrhage in 2000; and the stroke mortality rate was 72 .9 per 100,000 of the population per annum.
Introduction
Stroke is characterized by 'rapidly developing clini cal symptoms and signs of focal, and at times global, loss of cerebral function, lasting more than 24 hours or leading to death, with no apparent cause other than that of a vascular origin". Worldwide, stroke is one of three major causes of death, along with cancer and heart disease. It is also an important cause of morbid ity, and managing and supporting these patients de mands enormous costs.
In Korea stroke is the second most common cause of death, following cancer. Moreover, there has been a long dispute over the issue of the dominant stroke type in Korea. However, no study has been yet un dertaken to examine stroke occurrence and incidence nationwide. The present study is the largest scale study that has ever been performed in Korea . The study was undertaken to present the epidemiological characteristics of stroke in Korea.
In addition , we wished to establish the role of neurosurgeons in the management of stroke. 
Materials and Methods
In Korea, there is a nationwide health insurance system, which was started in 1979. Under the national health insurance system, all medical facilities (includ ing both traditional oriental medicine and western medicine facilities) are required to submit data upon diagnostic and therapeutic information to the National Health Insurance Corporation, in order to be reim bursed. Diagnostic information is composed of codes based on the ICD system". 
Result
A total of 113,962 cases of cerebrovascular disease were admitted to medical institutions during 2000 in Korea. The three most common diagnoses were cerebral infarction, intracerebral hemorrhage (ICH), and subarachnoid hemorrhage (SAH). These three diagnoses accounted for 79.5% of total stroke cases. The numbers of cases diagnosed with cerebral infarction, ICH, and SAH were 58,636, 22,487, and 9,482, which corresponds to 64.7%, 24.8%, and 10.5% of the total number of major stroke cases, respectively (excluding other stroke types, e.g. moyamoya disease, unruptured cerebral aneurysm, etc.) ( Table 2 ). More males were affected with cerebral infarction and ICH than females. In contrast, females were 1.7-fold more affected with SAH than males. Overall, more females were admitted due to stroke in 2000 (male : female ratio, 1: 1.03).
The most common type of stroke in Korea in the year 2000 was cerebral infarction (Table 3) , which was 2.8 and 7.5 times more frequent than ICH and SAH, respectively. According to this population study we obtained stroke incidences by type (per 100,000 of In the ICH group, male patients showed peak inci dence in the early seventh decade and female patients in the late seventh decade (Fig. 3A) . In the late sev enth decade, the occurrence pattern of ICH reversed from male dominance to female dominance. ICH inci dence showed a geometric increase with advanced age in both male and female patients, though inci dence in males was always higher than incidence in females (Fig. 3B ).
In the SAH group, male patients showed a peak oc currence in the early fifth decade, two decades earlier than female patients (Fig. 4A ). In the late fifth decade the occurrence of SAH in males and females reversed.
SAH incidence was also reversed in the late fifth dec ade and continued to be higher in females after this point (Fig. 4B ). In contrast with the cerebral infarc- Among cases categorized as code 160 (SAH), the order of frequency was : 160.2 (SAH from anterior com municating artery, 37.1%, n= 1477),160.1 (SAH from middle cerebral artery, 26.4%, n = 1,050), and 160.3 (SAH from posterior communicating artery, 21.5%, n = 854) , except 160.9. In fact, 160.9 (SAH, unspeci fied) was the most frequently recorded code (n= 4,360) ( Table 4 ).
In terms of the location of ICH, the 3 most fre- quently recorded codes were :I61.5 (intraventricular hemorrhage, 37.5%, n = 3,489), I61.0 (ICH in the sub cortical hemisphere, 28.8%, n = 2,676), and I61.3 (ICH in the brainstem, 11.1%, n = 1,036). The code I61.9
(ICH, unspecified) was the most frequently recorded (n = 10,987) of the 161 codes. We suppose many cases of ICH involving subcortical area, especially the thala mus and possibly basal ganglia, may have been classified as 161.9, although they ought to have been classi fied as 161.0 (Table 5) . classified in a way that differs from the ICD-10 scheme. Cases are divided into predromes of stroke , stroke and sequelae of stroke (data not shown). In to tal 8,684 stroke patients (7.6% of all stroke patients)
were admitted to traditional medical hospitals during the year 2000.
Regarding the departments in charge of stroke pa tients, neurosurgeons played a major role in manag ing cases of hemorrhagic stroke, and also a significant role in managing cases of ischemic stroke. Neurolo gists played a major role in managing cases of cere bral infarction (Table 6 ).
We also checked for accompanying diseases, which are commonly regarded as risk factors of stroke, in each group of stroke patients ( Table 7 ). The cerebral infarction group was 3.5 and 5.1 times more accompa nied by diabetes mellitus than the ICH and SAH groups, respectively. The cerebral infarction and the ICH groups were about twice as likely to be accompa nied by hypertension than the SAH group. The cere- The number of stroke cases increases geometri cally with aging. At up to 55-59 years more males are affected by strokes than females (Fig. 1A) . How ever, after 60 years of age more females are affected. Nevertheless, the age-specific incidences were always higher in males than in females (Fig. 1B) , which is en tirely consistent with the results of other studies
In the present study, for those aged 45 to 84 years, the stroke incidence rates were : 460. Sudlow and Warlow reported the incidence of stroke in various parts of the world. They used data from 11 studies in Europe, Russia, Australia, and the United States. Age-and sex-standardized annual stroke incidence rates for subjects aged 45 to 84 years were similar in most places of the world (between 300/100,000 and 500/100,000), but were significantly lower in Dijon, France (238/100,000), and higher in Novosibirsk, Russia (627/100 ,000). In our present study the Korean rate was 724.2, which is far higher than that in Novosibirsk, Russia. and causing a greater loss of productive life
Regarding peak incidence age group for each type of stroke, the male SAH group shows a peak in the early fifth decade, whereas SAH occurs in later dec ades, but that it has a higher incidence rate in females.
Overall SAH incidence is 1.8-fold higher in females (Table 3 ). In a study performed in Australia and New Zealand the SAH incidence rate was found to be 1 .6-fold higher in females, which is similar to our result.
Age-specific incidence rates of SAH showed con tinuous increases with age , but the shape and strength of this association differed greatly between the sexes. In males, the incidence rates tended to be flat, but in females the incidence rates showed a geo metric increase up to the early eighth decade and then dropped.
In the present study, risk factor analysis showed that the SAH group is less associated with diabetes, hypertension, and heart disease than the infarction or ICH groups. Combining the above information , it appears that there may be a different pathogenetic mechanism in male and female SAH, which mostly re sults from cerebral aneurysm rupture. This difference in the incidence pattern of SAH might be explained by, 1) the different genetic background of the sexes, 2) hormonal influence in the development and growth of aneurysms, and 3) the influence of modifiable factors (smoking, alcohol intake, hypertension, etc.) 19'.
The ICD-10 system
The ICD-10 system seems to have limitations in that users, almost all of whom are physicians, do not find it easy to give the correct coding for a given clinical situation. In addition, differences among the following codes are difficult to understand, I60.6 (SAH from other in tracranial arteries), I60.7 (SAH from intracranial ar tery, unspecified), I60.8 (other SAH), and I60.9 (SAH, unspecified) in the clinical situation. Significantly, the nuances of this classification are difficult for neurolo gists or even neurosurgeons to understand. The The average age-adjusted stroke mortality in the general population in the United States is known to be 50 to 100 per 100,000 population per year, which is less than that in Japan and China and more than in the Philippines". Our stroke mortality rate of 72.9 per 100,000 of the population per annum seems to be comparable to that of the United States. In the United
States, stroke mortality has been decreasing since the early 1900s, and the rate of decline has been a con stant 1% per year until 1969, when it accelerated to nearly 5% per year. The reason for this trend may be a declining stroke incidence, improved survival, re duced stroke severity, different diagnostic criteria, or better stroke risk factor control. Of these possibilities, the evidence favors improved survival rather than de clining incidence ". In addition, the effective treat ment of hypertension has proven to be a major deter minant of stroke mortality. Therefore, intense pub lic education is required to provide the public informa tion about the importance of blood pressure control. In the present study, trends in incidence and mor tality due to strokes over the years were beyond our reach, since the study is essentially a cross-sectional study.
A review of changes in statistical data over time may provide important information that overlooked by this study.
Conclusions
Cerebral infarction is the most common type of stroke in Korea. Compared with Western countries, overall stroke incidence is higher and hemorrhagic stroke, in particular, is more common in Korea. Neuro surgeons have a major role in managing cases of hem orrhagic stroke and also some role in the management of patients with ischemic stroke. By adopting the na tional health insurance system, we are in a position to obtain a wealth of quality information. However, there is a clear need to develop a satisfactory coding system and to make information about stroke available to the public.
